Environmental observations of a riparian ecosystem during flood season by Mitsch, William J. et al.
ENVIRONMENTAL OBSERVATIONS OF A RIPARIAN 
ECOSYSTEM DURING FLOOD SEASON 
William J. Mitsch 
William Rust 
Ann Behnke 
Larry Lai 
Pritzker Department of Environmental Engineering 
Illinois Institute of Technology 
Chicago, Illinois 60616 
FINAL REPORT 
Project No. A-099-ILL 
This project was partially funded by the U.S. Department 
of Interior in accordance with the Water Resources Research 
Act of 1964, P.L. 88-379, Agreement No. 14-31-001-9015 and 
by the Illinois Institute of Natural Resources, Project 
No. 20-124. 
UNIVERSITY OF ILLINOIS 
WATER RESOURCES CENTER 
2535 Hydrosystem Laboratory 
Urbana, Illinois 61801 
August, 1979 
Contents o f  t h i s  publ icat ion do not  necessari ly  
r e f l e c t  the vlews and p o l i c i e s  o f  the O f f i c e  of 
Water Research and Technology. U.S.  Department o f  
the I n t e r i o r ,  nor does mention o f  t rade names or  
comnercial products const i tu te  t h e i r  endorsement 
or  r e c m e n d a t i o n  for  use by the U.S. Government. 
Preface 
This report describes a project that is an excellent 
example of how a water resources research center can provide 
new knowledge rapidly. The principal investigator approached 
the director concerning the the significance of collecting 
data before a flood started on the Kankakee River. Within one 
month funds were allocated to him, and a major study was under- 
taken and completed within a six-month period. In addition to 
our support, the Illinois Institute of Technology, IIT, donated 
their indirect costs, and the students and principal investigators 
devoted many hours of hard work without remuneration in order 
to complete the study expediently. 
This study was a part of a series of investigations con- 
ducted during the past year to evaluate the impact of various 
management strategies on the Kankakee River. Much of the major 
support for the total program was provided by the Institute of 
Natural Resources (IINR). IINR's current studies are listed 
below: 
1. Geological Characteristics of Bottom Sediments in 
the Momence Area of the Kankakee River (20.121); 
Illinois State Geological Survey 
2. Monitoring Sediment Movements in the Kankakee Basin 
in Illinois (20.120); Illinois State Water Survey 
3. Suspended Sediment and ~ydraulic Flow Data for the 
Kankakee River Basin in Illinois (20.119) ; united 
States Geological Survey 
4. The Effects of Sedimentation on Aquatic Life in the 
Kankakee River in Illinois (20.118); Illinois State 
Natural History Survey 
5. Preservation of the Momence Wetlands Area on the 
Kankakee: Wildlife Data (20.115); Illinois State 
Natural History Survey 
6. Biological Verification of Hydrologic and Sediment 
Data in the Kankakee River Basin (20.124); William 
Mitsch, IIT. 
7. Economic Value of Wetlands -- Case Study: The Kankakee 
River (20.114); William Mitsch, IIT. 
8. Preservation of the Momence Wetlands Area on the 
Kankakee River: Project Coordination and Report to 
the U.S. Fish and Wildlife Service (20.116); Natural 
Lands Institute 
9. Kankakee River Interstate Coordinating Committee 
Support Service (20.117); Illinois-Indiana Bi-State 
Commission 
Further details of any of these projects may be obtained 
by contacting David J. Jones, Environmental Scientist, Illinois 
Institute of Natural Resources, 309 West Washington Street, 
Chicago, Illinois 60606. 
Glenn E. Stout, Director 
ABSTRACT 
ENVIRONMENTAL OBSERVATIONS OF A RIPARIAN 
ECOSYSTEM DURING FLOOD SEASON 
Dynamics of floodplain wetlands along the Kankakee 
River in Northeastern Illinois were studied during the 
Spring flood season of 1979. The study involved hydrology, 
water chemistry and sedimentation measurements. The wet- 
lands study areas were dominated by silver maple (Acer 
aaccharinum) with river birch (Betula nigra), pin oak 
(Quercus palustris), America elm (Ulmus americana and 
swamp white oak (Q. - bicolor) as subdominants. The flood- 
plain forest study site was inundated for 62 to 80 days, 
depending on location, during March - May 1979. Flooding 
was determined to occur at a river discharge of 4000 to 
4500 cfs and the floodplain forest was determined to be 
under water 66 percent of the years for at least 10 days 
since 1917. Flooding has not occurred at all in only five 
years during that period. Approximately 6.2 million cubic 
meters of water was stored in the entire wetland area, this 
representing 2.3 percent of the floodwater above bankfull 
discharge at a downstream location. Water quality during 
flooding indicated that few spatial patterns existed on 
different floodplain sites and no differences were seen in 
the floodplain and main channel water quality of the river. 
Groundwater showed increasing orthophosphates and decreasing 
nitrates after floodwater receded. Sedimentation plates 
placed on the floodplain prior to flooding collected an 
average of 590 g/m2 of sediments, representing a gross de- 
position of 4500 metric tons of sediments on the entire wet- 
land area. No consistent spatial pattern of sediment de- 
position was noted. 
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INTRODUCTION 
Natural ecosystems growing along river banks are in- 
fluenced by that proximity to water and axe called riparian 
ecosystems. As described by Odum (1979) "riparian ecosystems 
are well-defined landscape features that have many of the same 
values and land-use problems as wetlands in general, but arc 
nevertheless distinct enough to warrant special considera- 
tion. ... As functional ecosystems, they are very open with 
large energy, nutrient and biotic interchanges with aquatic 
systems on the inner margin and upland terrestrial ecosystems 
an the other margin. 'I 
The riparian ecosystem is dependent on the hydrology, 
water quality, and sediment characteristics of the flooding 
river. The inputs of water and sediments to the floodplain 
represent major forcing functions of this system; the flood- 
plain ecosystem, in turn, channels these forcing functions 
together with solar energy, to further support the river eco- 
system (Figure 1). Floodplain wetlands may have additional 
benefits of wildlife conservation, water conservation and 
water quality enhancement. Johnson et al. (1979) present 
--
several papers discussing these values. 
Few data exist, however, an the hydrology, water 
quality, and sediment retention of the riparian ecosystem 
during the flood season. It is ironic that few studies 

have been made of riparian ecosystems during their flooding 
cycle, a situation that owes itself as much to site inaces- 
sibility during flooding as to any other cause. This study 
sought to quantify some of the characteristics of a flooding 
river as it exceeds its banks and spills into a riparian 
ecosystem. The study looks at the hydrology, water chem- 
istry, and sediment deposition of selected study sites in 
forested floodplain wetland during flooding by the Kankakee 
River in northeastern Illinois. 
SITE DESCRIPTION 
The study site is located in a frequently flooded 
riparian forest along the Kankakee River in northeastern 
Illinois. (Figure 2). The Kankakee River rises in the 
swamplands near South Bend, Indiana, and flows in a south- 
westerly direction through Indiana. It crosses the Illinois- 
Indiana state line just east of Momence, and continues west 
and southwest to the vicinity of the city of Kankakee, where 
it is joined by the Iroquois River. It turns to the north- 
east and joins the Dea Plaines River to form the Illinois 
River. 
The Momence Wetlands 
From the Indiana border west to Momence, Illinois, 
the Kankakee River meanders through a 10-kilometer-long area 
dominated by floodplain forest. This represents the study ' 
area of this report, called the Momence Wetlands (See Figure 
3). The Momence wetlands are a portion of what was once 
1 
known as the Great Kankakee Swamp, an area that extended up- 
stream from Momence through much of the Indiana portion of 
the basin (Meyer, 1935). Most of the Indiana portion of the 
river has since been channelized and the once great expanse 
of wetlands is now in craplend. 
A bedrock outcrop near Momence serves as a natural dam 
on the river, helping to maintain a very low gradient and 


hence the wetland character upstream of Momence (Barker 
et al., 1957). Most of the 670 hectares of floodplain 
forest in the Momence Wetlands are temporarily flooded 
for several weeks each year (Figure 4). More than 50 
hectares of the area are more permanently flooded sloughs 
and marshes (Figure 5). The remainder is in drier upland 
forest (50 hectares). The present land use of the Momence 
Wetlands area is shown in Figure 3. The reader is referred 
to Mitsch - et -- a1 (1979) for a more detailed description 
of the history of the Kankakee and Momence Wetlands. 
Floodplain forest that makes up the largest area 
(670 ha) in the Momence wetlands is dominated by silver 
maple (Acer saccharinurn L). These trees rarely attain 
large size and are constantly being stressed by flooding 
and saturated soils. Many logs and branches from silver 
maple are strewn across the forest floor and are constantly 
shifted by the flooding river (Figure 6). Other major tree 
species in the forest include pin oak (Quercus palustris, 
river birch (Betula nigra L.), American elm (~lmus 
americana L.), and swamp white oak (0. bicolor Willd.). 
The understory is generally sparce due to flooding and is 
dominated by buttonbush (Cephalanthus occidentalis). The 
vegetation is further described by Kurz (1978). The ap- 
proximately 50 hectares of abandoned sloughs and meadows 
may eventually fill with sediment but now provide sites 
that are wet most of the year. Buttonbush dominates the 
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shallow areas while the deeper areas are covered by duckweed 
and other aquatic plants in the growing season. Another 50 
hectares of the study area are in dry upland forest on sandy 
terraces slightly higher than the floodplain forest. These 
areas are dominated By black oak (Q. - velutina Lam.) red oak 
(Q rubra L.) and white oak (Q. alba L.) and are less fre- 
- - -
quently flooded. 
Management Issues 
The Momence Wetlands area is of particular interest to 
the State of Illinois. Parts of the study area have been 
described in the Illinois Natural Area Inventory recently 
completed at the University of Illinois as the "best of its 
kind" in Illinois. The area also may be of significant 
value to the region in other ways (Mitsch et -- al., 1979). 
The Kankakee River is one of the best fishing streams in 
Illinois and some of the good quality of the river may be 
due to the presence of riparian vegetation. The flooding 
river may offer opportunities for fish to extend their 
spawning and feeding habitat at a critical time in their 
life cycle. The wetlands may a l s ~  contribute organics to 
river food chains in the dry season. 
The Momence Wetlands are also important to the 
maintenance of sediment balances in the watershed. Pre- 
sently, a controversy about increased sediments in the river 
has many Illinoisians blaming upstream Indiana, due to the 
extensive channelization and drainage of the Kankakee in 
that state. The wetlands may be acting as a sediment trap 
for some of these sediments, a question addressed in this 
study . 
Few springs have been ushered into northeastern 
Illinois recently without local concern and subsequent 
media coverage about the flooding Kankakee River. The 
river floods lands that have been converted from wetlands 
to farm land and residential sites that have been recently 
developed on the floodplain. The Momence Wetlands also re- 
ceive the annual flooding but they offer a place for the 
river to go without any impact on human affairs. They also 
may give some of this water that is stored in the soils 
back to the river during the dry season. Damping of both 
high and low river flow may be the most important value of 
large expanses of riparian wetlands along the Kankakee. 
Sampling Site Locations 
The sampling sites used in this study are shown in 
Figure 7. These include water sampling sites (indicated 
by circles) and sedimentation transects set up on the 
north floodplain site. Shallow wells were also installed 
at sampling sites 1 through 4 and water level was con- 
tinuously monitored at Station 2. 
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Figure 7. Location of Sampling Sites in Momence wetlands. 
METHODS 
Hydroloqy 
Groundwater and surface water levels were measured at 
Stations 1 through 4 [see Figure 7) from December 19, 1978, 
through June 2, 1979. During this period, river discharge 
data were obtained from the U.S. Geological Survey for their 
station at Momence, 8.5 km downstream from the study area. 
Groundwater levels were measured using 5.1 cm diameter 
polyvinyl chloride (PVC) observation wells that were installed 
at Stations 1 through 4 to a depth of 1.25 to 2.0 meters. 
Slots approximately 2 m  in width and at 1.0 cm intervals 
were cut into the sidewalls of the pipes to allow for hydro- 
static balance with the groundwater. A Stevens water level 
recorder was installed on the well at Station 2 to continu- 
ously record groundwater and surface level. Water levels 
at the remaining wells were measured every 2 to 3 weeks be- 
fore and after flooding and every 3 to 4 days during flooding. 
A fishing float on a line was lowered into each well to de- 
termine the level. The water levels during flooding were 
measured with a staff gauge attached to a tree. The wells 
were checked during flooding and were found to be at the 
same level as the surface water. 
Water Quality Sampling and Analysis 
Water quality samples were taken in polyethylene 
bottles from the surface waters of the floodplain on both 
the north and south sides of the river. Sampling locations 
are shown in Figure 7. River channel samples were taken from 
the Kankakee River at the Momence bridge with a van Dorn 
sampler. Two samples were taken here and composited. Sur- 
face samples on the floodplain were taken from a canoe while 
well samples were extracted with a plastic hand pump from 4 
ahallow PVC wells on the north floodplain. All samples were 
immediately transported to the lab for refrigeration at 
about 4OC until they were transported again for analysis. 
No preservatives were used. 
Samples were analyzed by Suburban Laboratories, Inc. 
in Hillside,' Illinois, according to standard procedures (APHA, 
1975). Total phosphorus and ortho-phosphate were determined 
by the stannous chloride method and nitrates were determined 
by the brucine method. Total solids were measured as the 
total residual after drying a sample at 103-105°C. Total 
suspended solids were determined as the nonfilterable residue 
(filter size = 0.45~) dried at 103-105°C. Total organic 
solids represented the residue volatized at 550°C from un- 
filtered samples. Total inorganic solids were determined 
as the difference between total and organic solids. 
Sedimentation 
Two transects, each consisting of fifteen 10 x 10 
meter cells were laid out on the floodplain study area, 
each perpendicular to the river channel (Figure 7). Sixty 
23 x 23 cm plexiglass plates, with rough surfaces for 
better sediment retention, were placed along the transects, 
two per cell, in February 1979. Duplicate plates were placed 
in the center of each cell, about 1.5 to 2.0 meters apart. 
Flooding began in early March and floodwaters covered the 
plates until they were collected in mid-May. The plates 
were collected, along with the sediments that had accumulated, 
in marked plastic bags after the floodwaters had receded. 
During the brief period between sample collection and 
analysis, samples were kept In the dark at 4OC. Sediment 
samples Prom each plate were suspended in 1 liter of dis- 
tilled, deionized water, to obtain a uniform slurry. 
Large pieces of litter were removed at this time. Aliquots 
of the remaining suspension were analyzed for total and 
volatile suspended solids at 103OC and 550°C respectively 
(A.P.H.A., 1975). Phosphorus samples were digested using 
dilute HC1 and autoclaving at 121°C for 45 minutes. The 
ascorbic acid method was used for phosphorus determination 
of the extract. Deposition was calculated by the following 
equation: 
RESULTS AND DISCUSSION 
Floodplain Hydroloqy 
Groundwater and surface water levels were measured on 
the Momence Wetlands study site during floodplain inunda- 
tion to determine the duration of flooding and to identify 
poseible relationships between floodplain hydrology and the 
main channel discharge as measured at Momence. The results 
include the Kankakee flood discharge during the study period, 
groundwater and surface water level fluctuations on the 
floodplain, and reconstruction of previous floodplain inunda- 
tion from historical river flow. 
Kankakee River Flood - The discharge for the Kankakee 
River during this study period is shown in Figure 8. Flooding 
began around March 3, 1979, and continued until early May. 
Peak discharge in the ~ankakee River occurred on   arch 5 and 
was estimated to be at least 11,000 cfs; this rapid peak in 
early March was due to a combination of rainfall and a rapid 
thaw of snow in the basin. An ice blockage near Momence 
during peak flooding caused difficulty in estimating the peak 
discharge accurately. Rainfall occurring in the Kankakee 
River drainage basin during March through May caused several 
smaller peaks to occur. The estimated peak discharge measured 
at Momence has a recurrence interval of 50 years, based on 
frequence curves in Barker et al., (1967). 
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Water Level Fluctuations - The watex level as measured 
continuously at Station 2 in the floodplain study site is 
shown in Figure 9. The water levels at Stations 1, 3, and 4 
are shown in Figure 10. As expected, water levels in the 
wells and surface water levels were identical during flooding. 
Table 1 summarizes maximum floodwater depth that occurred 
at each station and the total number of days each station 
was inundated. Depth of floodwater above the soil surface at 
Table 1 
Maximum Depth of Floodwater and Days of Floodplain Inundation 
at Four Stations on Momence Wetlands Study Area 
Station Maximum Depth of Days of Floodplain 
Inundation, meters Inundation 
the stations ranged from 0.91 meters at Station 1 to 0.48 meters 
at Station 2. These depths showed that the soil surface eleva- 
tion was 0.43 meters higher at Station 2 than Station 1. 
There is a decrease in elevation from Station 3 to 4, showing 
that there i a  pa consistent gradient in the floodplain away 
from the river. 
Figure 9, Daily Groundwater Level at Station 2 of Momence Wetland Study Area, Bat 
Level Readings are Based on Staff Gage at Study Site, 

The length of time that the soil surface remained under water 
ranged from 62 days at Station 2 to 80 days at Station 1. 
Floodwater levels decreased below the soil surface at Station 
2 for approximately 5 days while the floodwaters were receding. 
Subsequent rainfall caused the floodwaters to rise again, 
inundating the soil surface for another 14 days. 
In this study, the floodplain stations were flooded 
when the Kankakee River discharged at Momence was between 
4000 and 4500 cfs. These data agree with observations reported 
by Barker -- et al., (1967). 
The Mmence floodplain water level showed less fluctua- 
tions in daily water level than did the water level at Momence. 
This is shown in Figure 11. The floodplain is narrow at 
Momence and is located at the beginning of the rock outcrop. 
The water levels on the floodplain changed very little as a 
result of peak discharges, suggesting that the vast area 
of the floodplain may mitigate peak flow fluctuations down- 
stream by storing floodwaters. The floodwater storage is 
partially caused by the very slight slope of the river through 
the Momence Wetlands area. The hydraulic gradient of the river 
in this area is 0.15 m/km (0.8 ft/mi) compared to a gradient 
of 0.85 m/km (4.5 ft/mk) downstream of the wetlands area. 
A rough estimation of the significance of the floodwater 
storage on the floodplain ecosystems can be made by comparing 
the storage to the total wexcessv of water discharged at 
Momence above bankfull discharge. Prom Figure 8 it was 
DAILY W. L. CHANGE, ft I 
estimated that 270 million cubic meters of water above 4500 
cfs passed Momence as "floodwatersv between March 3 and April 
23. During this time, the floodplain was storing an average 
of about 0.5 m as standing water and the equivalent of about 
8.3 m as groundwater, giving the 770 ha of floodplain wet- 
lands a storage of 6.2 million cubic meters of floodwater. 
The Momence Wetlands were thus "storing" about 2.3% of the 
total amount of floodwater that flowed pass Momence. Stated 
another way, the floodplain wetlands between the Indiana 
state line and Momence decreased downstream flooding by 
2.3%. While this may not appear significant, the preserva- 
tion of similar wetland areas along the entire Kankakee 
River would have a dramatic effect on decreasing downstream 
flooding. 
Floodplain Flooding History - The peak annual discharges 
of the Kankakee River since 1917 are shown in Figure 12. 
Over the 62-year record there have been five years in which 
our fl~odplain study site, and presumably the entire Momence 
Wetlands area, have not been inundated. Over the remaining 
57 years the floodplain has been inundated for periods that 
range from 2 to 110 days per year. Figure 13 shows the 
length of time the floodplain has been flooded each year 
and Table 2 presents a summary of flooding frequency and 
the days sf inundation. Only once has the floodplain at the 
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Table 2 
Flooding Duration for the Momence Wetlands on the Kankakee 
River for 1917 to 1978. Data Are Given for Annual Floods 
and for Flooding During Growing Season.1 
Annual Floods Floods During Growing Season 2 
Days of Frequency of Days of Frequency of 
Flooding Occurrence Flooding Occurrence 
10 41 5 31 
25 30 10 23 
50 13 20 7 
75 4 25 3 
100 1 30 1 
l~lood~lain inundation occurs between 4000 and 4500 cf s. 
2 ~ h e  average growing season is May 1 through October 10. 
study area been inundated for more than 100 days and in 66 per- 
cent of the years the floodplain is under water for 10 days 
or more. The flood in the spring of 1979, which inundated 
the floodplain for 62 to 80 days, depending on location, has 
only been exceeded in length of flooding on four occasions 
for the period of record since 1916. 
During the average growing season for floodplain 
vegetation, from May 1 through October 10, the floodplain 
has been inundated for 30 days or more only once, and every 
other year it can be expected to flood for 5 days or less. 
The flooding during the growing season may have effects 
on the ecosystem vegetation that are different than the 
e f f e c t s  of  f lood ing  dur ing  t h e  non-growing season. This  
i s  a p o t e n t i a l  a r e a  f o r  more s tudy  i n  t h e  Momence Wetlands. 
Apparently, enough water  e n t e r s  t h e  Kankakee River 
dra inage  bas in  t o  cause f loodp la in  f looding  even dur ing  
drought years .  Droughts have occurred i n  1940, 1944, 1948, 
1953 and 1956 i n  t h e  Kankakee a r e a  ( S t a t e  of  Ind iana  - e t  -* a 1  
1976). F igure  1 2  shows t h a t  t h e  occurrence of peak d i s -  
charges  dur ing  t h e s e  drought y e a r s  a l l  inundated t h e  Momence 
f loodp la in .  
Floodplain Water Quality 
Water quality data were collected on the Momence 
floodplain and from the Kankakee River during flooding 
to determine if significant changes occurred with time 
as the waters spilled over the river's banks and flowed 
imperceptibly across the floodplain for several weeks. 
It was also of interest to compare floodplain water 
quality with that in the main channel of the Kankakee 
River to determine if noticeable differences in water 
quality were occurring on the floodplain. If differ- 
ences existed, they would suggest active physical, 
chemical or biological processes occurring as the water 
remains with long detention time on the floodplain. The 
analyses were chosen to represent those that may indicate 
significant changes in nutrient and sediment concentra- 
tions. The original data for water quality are given in 
Appendix A. The data will be discussed separately as sur- 
face water and well water. 
Surface Water - Table 3 gives the averages and standard 
errors for standing water on the floodplain during the 
flooding. All data represent the period when stations 
were 0.5-0.9 meters under water. The change in water level 
was only 36 cm during this period and no correlations of 
water quality with depth were noted. Samples were averaged 
where it was felt that the water was well mixed, e.g. sta- 
I;' 
tions 1-4, 5-8 and 9-10. The Kankakee River water quality 
is also given in Table 3 for comparison. There is no con- 
sistent spatial variation among the floodplain sites for 
the water quality parameters measured. Total phosphorus 
in the floodplain waters averaged 0.5 - 0.8 mg-P/1 while 
ortho-phosphate was around 0.2 - 0.3 mg-P/1. Much of the 
phosphorus is thus tied up in organic and inorganic sedi- 
ments. A plot of the phosphorus that is not in the form 
of ortho-phosphate vs. the total suspended sediments gives 
a trend of higher P with higher suspended sediments but 
there is much scatter of data in the low ranges most fre- 
quently seen (Fig. 14). Obviously, sediments are important 
for transport and deposition of phosphorus to the flood- 
plain forest. 
There are few differences among the sites for organic 
and inorganic residue. The samples averaged from 28 to 33 
percent organic residue at each of the three sites. Suspended 
sediments were higher on the north floodplain site, suggesting 
that the north site may have fewer sediments depositing than 
the south sites. It was observed that there was more ma- 
cro litter (large branches, fallen trees, etc.) on the north 
site so that currents may be greater through this site, thus 
depositing fewer sediments. On the north floodplain, suspend- 
ed sediments averaged 21 mg/l at 30 meters from the river 
channel and 33 mg/l at 70 meters from the channel. This 
spatial pattern is consistent with what is known about deposi- 
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tion of sediments on floodplains - it is often greatest 
near the original channel and thus forms a natural levee 
along the channel over the years. This theory can be 
compared with the actual sedimentation results in the next 
section. 
Leopold et ale, (1964) suggest that the fine materials 
-- 
that make up the silt load of a river are not deposited 
uniformly but that irregular flows over the floodplain may 
cause scour rather than deposition in different locations. 
Suspended sediments, therefore, may be an indirect measure 
of velocities across the floodplain that are otherwise too 
low to measure. In our study, lowest velocities are thus 
represented at Stations 6, 9 and 10 (see Figure 7 )  which 
are all apparently more representative of backwater areas 
that may be accumulating sediments more rapidly. 
When the floodplain water quality is compared with 
that of the Kankakee main channel as measured at Momence 
(Table 31, surprisingly little difference is seen. Average 
suspended sediment concentrations are slightly higher in 
the river, due primarily to high sediment loads measured 
on March 6 and 31, but other parameters show no differences. 
Paired-t tests revealed that there were no significant dif- 
ferences (-0.05) in water quality on the north floodplain 
and in the river. Plots of temporal variation of selected 
measures of solids are given in Figures 15 and 16. 
No consistent patterns were observed in these graphs although 
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Figure 16. Comparison of Total and Organic Solids 
' in Floodplain Standing Water and in 
Kankakee River. 
they indicate that the southern floodplain (Stations 5-81 
generally had lower sediments and dissolved materials than 
the river. To infer any more from these data would require 
more frequent sampling at all locations. 
Nitrate levels were also very similar for samples taken 
in the floodplain and in the river. This parameter was in- 
cluded in the study because it was speculated that the close 
proximity of the sediments to the overlying waters on the 
floodplain might lead to nitrate removal as shown by Engler 
et al., (1974). That study found that nitrate was removed 
--
in laboratory studies of intermittently-flooded freshwater 
swamp soils. Our study gave no indication that this was 
occurring over the flooded sediments in the Momence Wet- 
lands. ~ h u s  the question of whether the floodplain acts 
as a nitrogen sink during flooding remains unresolved from 
these surface water data. 
Shallow groundwater - Water quality was observed in 4 
shallow wells installed at stations 1 through 4. These 
data are given in Table 4. During flooding, the water 
level in the well was in hydrostatic balance with the 
water level on the floodplain and little differences in 
water quality were noted between the surface waters and the 
well water. As the flooding waters receded, however, the 
quality of the water changed dramatically, Samples taken 
after the flood were high in total and suspended solids as 
Table 4 
Water Quality of Floodplain Well Samples at Momence Wetlands 
Date 
Tbtal solids, 
ng/l 
Totdl organic solids, 
w/l 
Total ino-c solids, 
I d 1  386 382 404 355 389 859 
Ibtal suspended solids, 
w/l 15 18 27 10 60 430 
Nitrates , ny-NoJn 1.48 1.27 2.10 1.46 584 565 
a 
Average of three sanples. 
Average of fan swples. 
would be expected but variable In dissolved nutrients. 
Figure 17 shows that while dissolved ortho-phosphates 
increased as the water level decreased, the level of 
nitrates decreased. This suggests that denitrification 
does occur in the saturated soils but available phosphorus 
becomes concentrated in the soil water as it comes in con- 
tact with soil particles. Because these two nutrients 
are most often limiting to the productivity of the flood- 
plain forest, the decreasing N/P ratio suggests that the 
floodplain forest may be ultimately limited by nitrogen 
availability in the soils. The nitrate data also suggest 
that the nitrate that is left behind after the river re- 
cedes does not all find its way back to the river in the 
drier season despite the high mobility of nitrate in 
groundwater systems. Thus, while little nitrate is re- 
moved while the floodplain is flooded, a significant 
amount may be lost after the river recedes and the upper 
sails are saturated and anaerobic . 

Floodplain Sedimentation 
The deposition of sediments from the flooding river may 
be an impartant input of nutrients and soil material to the 
floodplain forest. Furthermore, the sediments that collect 
on the floodplain may aid in reducing the sediment load 
in the river, thus reducing problems associated with down- 
atream depositions of sediments such as sanbars and filled- 
in resevoirs. As stated by Leopold -- et al., 61964), "It 
ia...apparent...that if overbank flooding by sediment-laden 
waters does occur, some deposition will in all likelihood, 
be associated with it." 6t comes as no surprise that the 
richest and most desirable soils for agriculture are often 
found in formerly flooded soils along rivers. 
Few studies have been able to quantify the amount of 
sedimentation that occurs during the flooding of a riparian 
ecosystem. This part of the study sought to quantify the 
- amount of sediments deposited on the Momence Wetlands during 
the spring flood of 1979. While some of the deposition is 
obviously due to shifting sediments from adjacent locations. 
the measurements presented here will give an upper limit to 
the sediment collecting ability of the floodplain systems 
along the Kankakee River. 1 
Sediment Deposition - A summary of the sedimentation 
results is given in Table 5. Complete data are given in 
Appendix B. Data are presented in terms of grams deposited 
Table 5 
Summary of Results of Sedimentaion on Momence Floodplain 
For Two Transects. 
West Transect (Dl East Transect (E) 1 
Total Sedimentation, g/m2 
Average 
Range 
Standard Deviation 
Standard Error 
Inorqanic Sedimentation, q/m 2 
Average 
Range 
Standard Deviation 
Standard Error 
Organic Sedimentation, g/m 2 
Average 
Range 
Standard Deviation 
Standard Error 
Phosphorus Concentration, mg/g 2.23 2.30 
(nr15) 
l~umber of Samples are 22 for West Transact and 29 for East 
Transect. 
per square meter, Table 6 presents the averages and standard 
errors for all of the samples. There was considerable range 
2 
of eediment accumulation measured (45 to 3760 g/m ) ,  and the 
averages of the two transects were somewhat different (471 
2 
and 680 g/m ) for the west and east transects respectively, 
The aamples were consistent in the organic fraction, averaging 
20% as organic substrate with a total range of only 12 to 48 
,percent for all samples. The high inorganic content indicates 
that the sediments are more characteristic of suspended river 
sediments that of resuspended materials from the floodplain 
itself. 
2 The total sedimentation of 590 g/m during the flooding 
of the Kankakee River is similar to that estimated by Mitsch 
et a1 
--- (19771 during flooding of a riparian cypress swamp 
2 in southern Illinois (447 g/m ). The phosphorus deposition 
of 1357 mg/m2 on the Momenoe Wetlands is considerably less 
than the 3600 mg/m2 estimated for that same cypress swamp. 
An estimate of 3250 mg/m2 of phosphorus input to floodplain 
cypress swamp in Florida (Brown, 1978) is also much higher 
than the value measured in the Momence Wetlands. This is 
not surprising as each of the studies cited above involves 
riparian ecosystems being fed by phosphorus-rich rivers. 
The river that flooded the southern Illinois cypress swamp, 
particularly, had clayey sediments that were estimated to 
contain 8.0-9.8 g P/ g dry weight (Mitsch et al., in press) 
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while the Momence Wetlands sediments averaged 2.3 g P/g dry 
weight, The water chemistry of the floodplain also indicates 
low concentrations of phosphorus in the Kankakee River waters, 
the average being 0.54 mg/l (see water chemistry section) 
compared to 1,81 mg/l measured in the southern Illinois cypress 
swamp durign flooding (Mitsch -- et al., 1977). The sandy sedi- 
ments sf the Kankakee River, then, are less concentrated in 
nutrients than the clay sediments of rivers more typical of 
the Midwest. 
Frequency Distribution - A frequency diagram, showing 
the different number of samples collected for each range is 
shown in Figure 18. Sixteen of the 51 samples analyzed had 
2 low (0-100 g/m ) sedimentation measurements, suggesting an 
exponential decrease in frequency vs. sedimentation rate. 
These low depositions were offset, however, by 4 measurements 
2 that were above 2200 g/m . It is unclear what caused the high ' 
measurements. The three highest depositions were all measured 
close to the river channel at 5-15 meters from the river 
channel. This suggests that higher depositions near the 
channel may be part of the natural levee building process 
of our floodplain sites. This will be discussed further 
in the next section. The infrequent sedimentation at higher 
values suggest that even 51 plates may not be sufficient to 
determine the average sedimentation on our study plots. If 
the four high samples are eliminated, the average sedimenta- 
2 tion f ~ r  the remaining plates is 373 g/m . This probably 
Frequency 
represents a more accurate measure of sediments depositing 
on the Momence floodplain. More study of the frequency of 
deposition along the lwee may show whether these measurements 
are due to vpocketsw of excessive sedimentation or whether 
errors in sampling procedure were responsible. 
Spatial Patterns - Figure 19 is a plot of sediment 
deposition versus distance from the river channel. The 
development of floodplains suggests that greater depositions 
usually occur closest to the river, thus forming, over many 
years, a natural levee adjacent to the river with decreasing 
depositions inland. The three sedimentation measurements 
2 in excess o f  3000 g/m did occur within 15 m of the river, 
but more data would have to be collected to substantiate 
this fact. The large variations in the data suggest that 
the sediment deposition process on floodplains is "randomly 
patchyw, that is, it does not occur uniformly from one loca- 
tion to the next and no definitive spatial pattern is 
exhibited. 
Total Deposition and Error Analysis - It is apparent 
that the sediments collected in the field with flat collec- 
tion plates were a combination of materials contributed from 
the river and from adjacent areas on the floodplain that 
became resuspended during flooding. Large particles, mostly 
leaf litter, were removed before analysis to minimize measure- 
ment sf resuspended materials. However, the estimates can be 
Sedimentation, g/m2 
assumed to represent an upper limit of the sediment contribu- 
tion from the Kankakee River to the Momence Wetlands during 
flooding. The low organic content of the sediments (20% 
average) suggests that much of the material collected had 
river origin rather than floodplain origin, but the uncer- 
tainty remains. Future studies of this type would benefit 
if.the collecting plates are fastened slightly above the 
forest floor to minimize the resuspension error. 
With the above-mentioned caveat, however, an estimation 
of total deposition on the floodplains from the Kankakee 
River can be obtained by assuming that the total deposition 
of 590 grams/m2 resulted from river sediments. The 770 
hectares of floodplain wetlands in the Momence Wetlands 
study are then estimated to have collected 4500 metric tons 
sediment during the spring flood This value will 
have more significance when it is compared with the total 
sediment discharge during the flood period for the Kankakee 
River. 
CONCLUSIONS 
Study Conclusions 
This study of the Mmence Wetlands along the Kankakee River 
in northeastern Illinois during the flood season of 1979 
has resulted in the following conclusions: 
1. The Mmence Wetlands have flooded almost every 
year since river records began in 1917.   he wet- 
lands have remained flooded for at least 10 
days in 66% of those years. The riparian eco- 
system is thus well tuned to frequent flooding 
and may change significantly if flood control 
measures are taken in this area. 
2. The floodplain wetlands retained about 6.2 
million cubic meters of floodwater between 
March 3 and April 23, 1979, this representing 
about 2.3% of the floodwater that is discharged 
from the study area. The storage of floodwaters 
by floodplain wetlands could be very significant 
if similar areas are allowed to flood naturally 
in Indiana rather than being eliminated by arti- 
. ficial levees, channel modification and drainage. 
3. Water quality does not change appreciably as the 
river flows over the floodplain wetlands although 
the resulting water quality during flooding is 
a result of natural and man-made inputs. There 
was no significant difference between river 
water quality and surface water on the floodplain 
during the flood season. Groundwater that re- 
mains in the floodplain after flooding, however, 
changes significantly as the floodwater recedes. 
4. Significant amounts of sediments are collected on 
the floodplain during flooding, these sediments 
originating from both the river and adjacent flood- 
plain areas. No significant increase in sediment 
loads were noted in the floodplain water quality, 
thus indicating that there is a net deposition of 
sediments from the river during flooding. 
5. Floodplain wetlands, particularly those that are 
frequently flooded, play an important role in 
maintaining natural water and sediment dynamics 
in the adjacent river. 
Additional Needed Research 
This study, one of the first of its kind on floodplain 
ecosystems during the flood season, has resulted in the 
identification of several needed studies. 
1. Future sedimentation studies are needed to determine 
the net input of sediments to the floodplain. This 
may be accomplished by keeping the collecting plates 
well above the soil level to minimize resuspension 
from the floodplain litter. 
2. The growth of floodplain trees in response to 
floodplain flooding can be determined through 
analysis of tree rings of selected tree species 
that a) show good annual rings, and b) are on the 
fringe between flooded and upland areas. 
3. The importance of the riparian ecosystem on the 
river water quality can be further investigated 
by studies of groundwater input to the river 
during dry season. 
4. Sediments are important for transport of nutrients 
to the floodplain forest.. Quantification is needed 
of the nutrients that are transported by the sedi- 
ments and are biologically available through leaching 
after the flood has receded. 
5. Comparative studies of sedimentation on other 
riparian ecosystems are needed to better describe 
the importance of this input to ecosystem structure 
and function. 
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APPENDIX A 
MOMENCE WETLANDS WATER QUALITY DATA 
S a m p l e  L o c a t i o n  : Kankakee River at Momence 
Total Phosphorus, 
solids, mg/l 
T o t a l  inorganic 
solids, mg/1 
N i t r a t e s ,  
rng-Nodl 
R i v e r F l o w , c f s ~ 1 0 0 [ 1 0 . 8  
68  
252 
1 .70  
22 
244 
2.60 
7 . 9  
14  
340 
1 .64  
6 . 4  
64 
376 
2 .50  
7 . 0  
26 
344 
1 .45  
5 . 5  
33 
336 
2 .50  
6 . 0  
1 9  
300 
2 .02  
4 .9  
15 
328 
3 .20  
5 .5  
12  
308 
1 . 2 0  
3 . 4  
23 
419 
0.75 
2.3 

MOMENCE WETLANDS WATER QUALITY DATA 
Sample Location: Surface Water on North Floodplain (Transect E) 
Stations 3 and 4 
MOMENCE WETLANDS WATER QUALITY DATA 
Sample Location: Surface Water on South Floodplain (Transect B) 
Stations 5 and 6 
MOMENCE WETLANDS WATER QUALITY DATA 
S a m p l e  Location: Surface Water on South Floodplain (Transect C) 
Stations 7 and 8 
Stage, Ft. 
MOMENCE WETLANDS WATER QUALITY DATA 
S a m p l e  L o c a t i o n :  Surface Water on South Floodplain - River Birch Community 
(Transact A) Stations 9 and 10 
MOMENCE WETLANDS WATER QUALITY DATA 
Sample Location: South Well on Transect D 
Station 1 
MOMENCE WETLANDS WATER QUALITY DATA 
Sample Location : North Well on Transect D ( Well with level recorder) 
MOMENCE WETLANDS WATER QUALITY DATA 
Sample Location: South Well on Transect E 
Station 3 
MOMENCE WETLANDS WATER QUALITY DATA 
Sample Location: North Well on Transect E 
Station 4 
Appendix B 
Sediments Collected on Momence Wetlands Sediment Plates After 
Flooding By Kankakee River 
Distance from Sediments Collected, g/m2 Phosphorus, 
Sample River, meters Total Organic Inorganic mg-P/g dry wt 
AVERAGE 
El5 
El4 
E14A 
El3 
El 3A 
El2 
E12A 
Ell 
EllA 
El0 
ElOA 
E9 
West Transect 
5 65.6 15.7 49.9 - 
5 410.3 103.0 307.4 - 
15 77.4 18.5 58.9 2.50 
15 3760.6 451.1 3309.1 - 
25 35.2 8.9 26.3 2.73 
25 597.1 147.9 449.2 - 
66 1256.2 173.4 1082.8 - 
66 105.2 18.2 87.0 - 
76 407.5 80.4 307.9 - 
76 25.4 4.2 21.2 - 
86 79.2 19.7 59.5 1.93 
86 360.8 121.5 239.2 - 
96 79.2 19.7 59.5 2.36 
96 81.1 21.0 60.1 3.87 
106 21.8 5 04 16.4 - 
106 1122.5 303.7 818.8 - 
116 135.0 41.1 93.9 1.70 
116 184.1 88.1 96.0 0.52 
166 403.6 110.9 292.7 - 
166 854.0 207.1 646.9 - 
176 216.6 60.0 159.6 - 
176 91.2 27.3 63.9 
- West Transect 471 93 378 2.23 
East Transect 
5 3440.7 592.0 
15 705.4 164.0 
15 3129.6 405.7 
25 423.7 96.0 
25 38.2 10.5 
35 150.9 30.2 
35 179.2 35.0 
45 185.5 37.9 
45 2214.9 398.9 
55 1396.7 271.6 
55 156.4 30.4 
65 754.7 159.9 
~ppendix B (Continued) 
Sample Distance from Sediments Collected, g/m2 Phosphorus, River, meters Total Organic Inorganic mg-P/g dry wt. 
AVERAGE - East Transect 680 133 547 2.30 
